Sodium/hydrogen exchanger (NHE) 8 is expressed at the apical membrane of the epithelial cells and plays important roles in neutral sodium absorption in the gastrointestinal tract and the kidney. It also has an important role in epithelial mucosal protection in the gastric gland and the intestine. Although NHE8 has broad tissue distribution, the precise location and the physiological role of NHE8 in the eye remain unknown. In the present study, we successfully detected the expression of NHE8 in the ocular surface by PCR and Western blot in human and mouse eyes. Immunohistochemistry staining located NHE8 protein at the plasma membrane of the epithelial cells in the conjunctiva, the cornea, and the lacrimal gland both in human and mouse. We also detected the expression of downregulated-in-adenoma (DRA, a Cl Ϫ /HCO 3 Ϫ transporter) in the ocular surface epithelial cells. Using NHE8Ϫ/Ϫ mouse model, we found that loss of NHE8 function resulted in reduced tear production and increased corneal staining. These NHE8Ϫ/Ϫ mice also showed increased expression of TNF-␣ and matrix metalloproteinase 9 (MMP9) genes. The expression of epithelial keratinization marker genes, small proline-rich protein 2h (Sprr2h) and transglutaminase 1 (Tgm1), were also increased in NHE8Ϫ/Ϫ eyes. Furthermore, DRA expression in NHE8Ϫ/Ϫ mice was reduced in the conjunctiva, the cornea, and the lacrimal glands in association with a reduction in conjunctival mucosal pH. Altered ocular surface function and reduced epithelial DRA expression in NHE8Ϫ/Ϫ mice suggest that the role of NHE8 in ocular surface tissue involve in tear production and ocular epithelial protection. This study reveals a potential novel mechanism of dry eye condition involving abnormal NHE8 function.
NHE8; conjunctiva; cornea; lacrimal gland; epithelia SODIUM/HYDROGEN EXCHANGERS (NHEs) are a group of membrane proteins that exchange extracellular Na ϩ for intracellular H ϩ , and they display broad tissue distribution. NHEs have various physiological functions including intracellular pH homeostasis, cell volume regulation, acid-base regulation, and electroneutral NaCl transport (22, 53) . The mammalian NHE family has ten members, and each of them has its own cellular localization and tissue distribution. Among them, five NHEs are detected at the plasma membrane in the epithelial cells in the intestine and the kidney. NHE1 is detected in almost all tissues and is located at the basolateral membrane in the epithelial cells (39, 42) . NHE2 and NHE3 are mainly expressed at the apical membrane in the intestinal and the renal epithelial cells (9, 14, 39) . NHE4 is also detected in the gastric epithelial cells and renal epithelial cells (39) . NHE8, the latest characterized NHE isoform, is expressed at the apical membrane in the intestinal and renal epithelial cells (25, 49) . Functional loss of these NHEs resulted in various phenotypes. Loss of NHE1 expression in mice displays growth retardation (7) . Interruption of NHE2 and NHE4 expression in mice shows defects in gastric function (21, 43) . Mice lacking NHE3 protein have altered sodium absorption (44) . In the absence of NHE8 expression, reduced mucin production, elevated TNF-␣ expression, and decreased expression of downregulated-in-adenoma (DRA), a Cl Ϫ /HCO 3 Ϫ transporter, were detected in the gastrointestinal tract in mice (50, 51) .
Tear film covers the ocular surface and functions as a protective barrier against microorganism invasion from the external environment (13, 23, 38) . Tear film contains secretions from the cornea, the conjunctiva, and the lacrimal gland (24, 52) . Compromise of any component of this system could lead to tear film disorders, most commonly dry eye (30) . Similar to the epithelia of the lungs, gastrointestinal tract, and kidneys, the ocular epithelia regulate water transport through active electrolyte transport (3, 4, 45, 48) . Studies have demonstrated that the NHE family plays an important role in sodium and water absorption in the epithelial cells in the intestine and the kidney. Interestingly, among the ten NHE family members, only NHE1 was detected in the ocular surface epithelial cells, and its function involves cell volume regulation (47) . Since NHE8 is expressed in broad tissue types throughout the body, and NHE8 plays important roles in electrolyte absorption and mucosal protection in the intestinal epithelia (34, 49 -51) , we wonder if NHE8 is also expressed in the ocular tissues and plays a similar role in the ocular epithelia. Here, we conducted the present study to determine the expression of NHE8 in the ocular tissues and to explore the role of NHE8 in the ocular tissues using a NHE8Ϫ/Ϫ mouse model. Our data showed for the first time that NHE8 is highly expressed at the plasma membrane in epithelial cells of the conjunctiva, the corneas, and the lacrimal glands in both human and mouse eyes. Loss of NHE8 function in mice leads to morphological and functional alterations at the ocular surface.
MATERIALS AND METHODS
Animals. The creation of the NHE8Ϫ/Ϫ mouse model was described in details previously (51) . Ten-to 12-wk-old mice (males and females) were used in this study. All animal studies were approved by the University of Arizona Institutional Animal Care and Use Committee and conducted in compliance with the Tenets of the Declaration of Helsinki and ARVO statement for the use of animals in Ophthalmic and Visual Research.
Tissue collection. Human eye tissues were obtained in accordance with good clinical practice, Institutional Review Board approval, and written informed consent regulations of the University of Arizona, and the tenets of the Declaration of Helsinki. Normal human palpebral conjunctival epithelia were harvested from freshly excised eyelid tissues during an ectropion or entropion repair. After a rinse with PBS, tissues were collected for RNA/protein extraction and histological processing. Mouse eyeballs were enucleated with attached conjunctiva and processed in the same fashion as fresh human tissue. Mouse extraorbital lacrimal glands and corneas were also collected.
RNA isolation and PCR assay. Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA) from human and mouse eye samples. RNA (500 ng) was reverse-transcribed using M-MLV Reverse Transcriptase (Promega, Madison, WI) following manufacturer's instruction. Real-time PCR was performed using TaqMan technology on an iCycler PCR thermal cycler (Bio-Rad, Hercules, CA). TBP gene was used as endogenous reference to normalize expression levels. TaqMan probes used in this study were purchased from Applied Biosystems (Foster City, CA). Data were analyzed using the comparative cycle threshold (Ct) method. The target gene cycle thresholds are adjusted relative to a calibrator (normalized Ct value obtained from control groups) and expressed as 2
Ϫ⌬⌬Ct (Applied Biosystems User Bulletin No. 2: Rev B "Relative Quantitation of Gene Expression").
Protein preparation and Western blotting. Total protein was prepared in RIPA buffer following methods described previously (14) . Briefly, tissues were homogenized in a small volume of RIPA buffer on ice. The resulting tissue lysates were then centrifuged for 10 min at 15,000 rpm at 4°C. The supernatants were collected and used for Western blot. The antibodies used in this study are NHE8 antibody (1:2,000 dilution) (49), DRA antibody (1:1,000 dilution; SigmaAldrich, St Louis, MO), GAPDH antiserum (1:100,000 dilution; Millipore, Billerica, MA), and ␤-actin antiserum (1:20,000 dilution; Sigma-Aldrich). Western detection was performed using the BM chemiluminescence Western blotting kit (Roche Diagnostics, Indianapolis, IN), and reviewed under a gel doc system (G:Box, Syngene; Frederick, MD). A ratio of target protein intensity over GAPDH or ␤-actin protein intensity was used for quantitation.
Tissue histological observation and immunohistochemistry staining. Tissues fixed in 10% formalin were embedded in paraffin and sectioned. Eight-micrometer-thick sections were cut and stained with hematoxylin and eosin (H and E) or periodic-acid Schiff's reagent (PAS). All sections and staining works were done at the pathology services laboratory (University Animal Care, Tucson, AZ). Tissue sections with H and E staining or PAS staining were reviewed under a Zeiss Axioplan microscope. Immunohistochemical labeling and detection on NHE8 and DRA were performed as previously described (49) . Briefly, NHE8 or DRA antiserum was incubated with tissue sections overnight at a 1:200 dilution for NHE8 or 1:100 dilution for DRA. The tissue slides were subsequently incubated with secondary antiserum (Alexa Fluor 647 goat anti-rabbit IgG; Molecular Probes, Eugene, OR) at 1:400 dilution, and then visualized under MRC-1024ES laser scanning confocal microscope (Bio-Rad).
Ocular surface evaluation. Age-and sex-matched wild-type and NHE8Ϫ/Ϫ mice were used in this study. The ocular surface evaluation was conducted in an examiner-masked fashion. To measure the surface pH of the conjunctiva, narrow pH-range paper (pH 6.0 to 8.0; Micro Essential Laboratory; Brooklyn, NY) was used. Briefly, a pH paper strip (1 mm wide) was inserted into the lateral canthus of the conjunctival fornix for 30 s. The pH value was recorded using the color standards provided by the manufacturer. Tear volume was determined using ZoneQuick phenol red thread (Showa Yakuhin Kako; Tokyo). The lower eyelid was slightly pulled to place a 1-mm portion of the thread into the lower fornix at approximately 1/3 of the distance from the lateral canthus. Each eye was tested with the eye open for 15 s, and the wet portion of the thread was measured under a microscope. To determine the corneal surface damage, corneal fluorescein staining was used. A 2.5% sodium fluorescein solution (Sigma-Aldrich, St. Louis, MO) was diluted in sterile PBS to 0.25% before use. Mouse eye was applied with 1 l of the diluted fluorescein. After 1 min, the excess fluorescein was blotted with cotton tips. Fluorescein solution treated corneas were digitally photographed individually using the Motic SMZ-168 microscope equipped with cobalt blue light. The images were scored using a standard National Eye Institute grading system (33) . Briefly, the cornea is divided into five areas: central, superior, nasal, inferior, and temporal; punctate fluorescein staining in each area was graded on a scale of 0 to 3, and the total score (0 to 15) was the sum of scores from all five areas.
Statistical analysis. One-way ANOVA and Chi-square test were used to compare data between groups with significance level set at P Յ 0.05.
RESULTS
Expression and localization of NHE8 in the ocular surface in human and mouse eyes. Although NHE8 displays a broad tissue distribution, it was unknown if NHE8 is expressed in the ocular surface. Here, we detected NHE8 expression by PCR and Western blot, and located NHE8 protein by immunohistochemistry technique. As shown in Fig. 1A , NHE8 mRNA was amplified from human and mouse conjunctival tissue using human-and mouse-specific NHE8 probes (Fig. 1A) . Western blot also confirmed the expression of NHE8 protein in the conjunctival tissue lysates from human and mouse samples (Fig. 1B) . Confocal microscope detected the plasma membrane localization of NHE8 in both stratified epithelial cells and goblet cells in human and mouse conjunctival tissues. In the cornea and the lacrimal glands, NHE8 was also detected at the plasma membrane in the epithelial cells in human and mouse (Fig. 1C) .
Morphological changes of the conjunctiva, cornea, and lacrimal gland in NHE8Ϫ/Ϫ mice. Since NHE8 is expressed in the conjunctiva, the cornea, and the lacrimal gland, we wanted to know whether loss of NHE8 function results in any abnormalities in the eye. Indeed, significant abnormalities were observed in NHE8Ϫ/Ϫ mouse eye tissues. Intracellular vacuoles were seen in the conjunctival and the corneal epithelia with more detected in the basal epithelial layer in NHE8Ϫ/Ϫ mice (Fig. 2, top) . Clusters of an early stage of inflammation started around the blood vessels, and inflammatory cells were seen around the lacrimal glands in the NHE8Ϫ/Ϫ mouse (5 of 5 mice), but not in the wild-type mice (0 of 4 mice) (Fig. 2,  bottom) .
Decreased tear volume and increased corneal fluorescein staining in NHE8Ϫ/Ϫ mice. Phenyl red thread test showed that the tear volume was significantly reduced in NHE8Ϫ/Ϫ mice compared with their wild-type littermates. The tear volume was reduced from 3.3 Ϯ 0.2 mm in wild-type mice to 2.2 Ϯ 0.1 mm in NHE8Ϫ/Ϫ mice (n ϭ 35 eyes, P ϭ 0.000003) (Fig.  3A) . To assess the health of corneal surface, fluorescein staining was conducted to show the disruption of the integrity of corneal epithelium. As indicated in Fig. 3B , the median score of fluorescein staining differs dramatically between the wildtype mice and the NHE8Ϫ/Ϫ mice. The median score of fluorescein staining was 5 and 14 for wild-type mice and NHE8Ϫ/Ϫ mice, respectively (n ϭ 35 eyes, P Ͻ 0.001).
Reduced Muc5ac production in the conjunctiva of NHE8Ϫ/Ϫ mice. Muc5ac is a major secreted mucin produced by conjunctival goblet cells. To determine if Muc5ac expression is impaired in NHE8Ϫ/Ϫ mice, we analyzed Muc5ac gene expres- (Fig. 4A) . PAS staining in the fornical region of mouse conjunctiva showed less stained cells in NHE8Ϫ/Ϫ mice than that in wild-type mice (Fig. 4B) . Elevated TNF-␣ gene expression in the conjunctiva, the lacrimal gland, and the cornea in NHE8Ϫ/Ϫ mice. To evaluate TNF-␣ expression in the ocular surface tissues in NHE8Ϫ/Ϫ mice, we compared ocular TNF-␣ expression levels between wild-type mice and NHE8Ϫ/Ϫ mice. As shown in Fig. 5 , TNF-␣ mRNA expression was significantly increased in the ocular tissues in NHE8Ϫ/Ϫ mice. Compared with wild-type mice, the expression of TNF-␣ in NHE8Ϫ/Ϫ mice was increased from 1.02 Ϯ 0.01 in wild-type conjunctiva to 1.98 Ϯ 0.17 in NHE8Ϫ/Ϫ conjunctiva (n ϭ 6 groups, P Ͻ 0.0001), from 1.02 Ϯ 0.04 in wild-type lacrimal glands to 1.91 Ϯ 0.12 in NHE8Ϫ/Ϫ lacrimal glands (n ϭ 3 groups, P ϭ 0.001), and from 0.95 Ϯ 0.05 in wild-type cornea to 2.04 Ϯ 0.55 in NHE8Ϫ/Ϫ cornea (n ϭ 4 groups, P ϭ 0.047).
Increased MMP9, Sprr2h, and Tgm1 gene expression in the conjunctiva and cornea of NHE8Ϫ/Ϫ mice. To assess the epithelial integrity of the ocular surface in NHE8Ϫ/Ϫ mice, we evaluated the expression of wound repair marker MMP9, and keratinization markers Sprr2h and Tgm1 in the conjunctiva and the cornea in NHE8Ϫ/Ϫ mice. As shown in Fig. 6 , the expression of these genes was significantly increased in NHE8Ϫ/Ϫ ocular tissues. The expression of MMP9 was increased from 0.98 Ϯ 0.10 in wild-type conjunctiva to 2.25 Ϯ 0.62 in NHE8Ϫ/Ϫ conjunctiva (n ϭ 4 groups, P ϭ 0.04), and from 1.00 Ϯ 0.01 in wild-type cornea to 2.36 Ϯ 0.26 in NHE8Ϫ/Ϫ cornea (n ϭ 2 groups, P ϭ 0.02) (Fig. 6A ). The expression of Sprr2h was increased from 1.00 Ϯ 0.03 in wild-type conjunctiva to 1.87 Ϯ 0.44 in NHE8Ϫ/Ϫ conjunctiva (n ϭ 5 groups, P ϭ 0.04), but not in NHE8Ϫ/Ϫ cornea (Fig. 6B ). The expression of Tgm1 was also elevated from 1.00 Ϯ 0.03 in wild-type conjunctiva to 1.51 Ϯ 0.22 in NHE8Ϫ/Ϫ conjunctiva (n ϭ 5 groups, P ϭ 0.02), and from 1.00 Ϯ 0.01 in wild-type cornea to 1.35 Ϯ 0.05 in NHE8Ϫ/Ϫ cornea (n ϭ 2 groups, P ϭ 0.01) (Fig. 6C ).
Significant reduction of ocular surface pH and DRA expression in NHE8Ϫ/Ϫ mice.
We have reported that the mucosal surface pH is reduced in the absence of NHE8 expression in the gastrointestinal tract (50, 51); here we compared the conjunctival epithelial surface pH in wild-type and NHE8Ϫ/Ϫ mice. As indicated in Fig. 7A , the average pH in the conjunctiva of wild-type mice is 7.5 Ϯ 0.1, but this value was significantly decreased to 7.1 Ϯ 0.1 in NHE8Ϫ/Ϫ mice (n ϭ 36 eyes, P ϭ 0.0006). We previously reported that DRA plays a role in maintaining mucosal surface pH in the gastrointestinal tract and loss of NHE8 resulted in decreased DRA expression in the intestine (50, 51) . To further explore if this association also applies to the conjunctival surface pH, we assessed the expression of DRA in the ocular surface tissues in NHE8Ϫ/Ϫ mice. As shown in Fig. 7 , DRA was indeed expressed in the conjunctiva, the cornea, and the lacrimal glands in mice. Confocal imaging showed the plasma membrane localization of DRA in the epithelial cells in the conjunctiva, the cornea, and the lacrimal glands in mice (Fig. 7B) . Interestingly, the expression of DRA mRNA was significantly reduced in NHE8Ϫ/Ϫ eye tissues. In the conjunctiva, DRA mRNA was reduced from 0.83 Ϯ 0.17 in wild-type mice to 0.29 Ϯ 0.07 in NHE8Ϫ/Ϫ mice (n ϭ 6 groups, P ϭ 0.009). In the lacrimal glands, DRA mRNA expression was reduced from 1.03 Ϯ 0.02 in wild-type mice to 0.55 Ϯ 0.05 in NHE8Ϫ/Ϫ mice (n ϭ 4 groups, P ϭ 0.0001). In the cornea, DRA mRNA expression was reduced from 1.05 Ϯ 0.06 in wild-type mice to 0.46 Ϯ 0.28 in NHE8Ϫ/Ϫ mice (n ϭ 4 groups, P ϭ 0.02) (Fig. 7C) . Similar to the RNA expression, DRA protein expression was also significantly reduced in NHE8Ϫ/Ϫ eye tissues. In the conjunctiva, DRA protein was reduced from 1.00 Ϯ 0.02 in wild-type mice to 0.67 Ϯ 0.07 in NHE8Ϫ/Ϫ mice (n ϭ 4 groups, P ϭ 0.002). In the lacrimal glands, DRA protein expression was reduced from 0.96 Ϯ 0.01 in wild-type mice to 0.55 Ϯ 0.12 in NHE8Ϫ/Ϫ mice (n ϭ 3 groups, P ϭ 0.012). In the cornea, DRA protein expression was reduced from 0.80 Ϯ 0.01 in wild-type mice to 0.37 Ϯ 0.11 in NHE8Ϫ/Ϫ mice (n ϭ 2 groups, P ϭ 0.029) (Fig. 7D) .
DISCUSSION
NHE8, the latest characterized NHE isoform in the NHE family, has been shown to participate in transmembrane electrolyte exchange and mucosal protection in the intestine and the kidney (25, 49 -51) . Although NHE8 is expressed in the epithelial cells in the intestine and the kidney, whether NHE8 is expressed in the ocular surface epithelia remains unknown (25, 49) . In the present study, we showed that NHE8 mRNA is expressed in human and mouse eyes. Similar to NHE8 protein localization in the intestinal epithelial cells (49, 50) , NHE8 is also located at the plasma membrane of the epithelial cells in the conjunctiva, the cornea, and the lacrimal glands in human and mouse eye tissues. The presence of NHE8 in the ocular surface epithelia suggests a possible role of this protein in ocular function.
Tear film plays a very important role in ocular protection. It is believed that the majority of tears is produced by lacrimal glands, but the ocular epithelial cells, especially conjunctiva, could also contribute to tear production. Studies have suggested that conjunctival epithelium could be the source of tears under unstimulated, normal conditions (12, 16, 19) . To understand the physiological role of NHE8 in the ocular surface, we used a NHE8Ϫ/Ϫ mouse model in this study. We found that NHE8Ϫ/Ϫ mice have significantly reduced tear volume (ϳ34%) compared with that of wild-type littermates. The reduced tear volume in NHE8Ϫ/Ϫ mice might be due to the altered lacrimal gland function. In fact, the presence of focal inflammatory infiltrates and foamy vacuoles within acinar cells in the lacrimal gland, and the elevated TNF-␣ expression (ϳ191% increase) in the lacrimal glands in NHE8Ϫ/Ϫ mice suggested a compromised lacrimal gland function in NHE8Ϫ/Ϫ eyes. Moreover, the abnormal morphology of the conjunctival epithelial layer and the elevated TNF-␣ expression (ϳ194% increase) in the conjunctiva may also contribute to the reduced tear volume in NHE8Ϫ/Ϫ mice since conjunctiva participate in tear volume regulation (12, 16, 19) . Decreased tear volume, increased corneal stain, and elevated inflammatory cytokines in ocular surface are the hallmarks of dry eye disease (1, 6) . The ocular surface alterations observed in NHE8Ϫ/Ϫ mice are similar to human dry eye condition. Unlike other dry eye animal models, such as aging-related dry eye (36) or gobletdeficiency induced dry eye (35) , NHE8Ϫ/Ϫ mice display reduced tear production while the others showed increased tear volume. Therefore, NHE8 indeed plays an important role in maintaining ocular surface moisture. Muc5ac, a major secretory mucin in the ocular surface, is produced by conjunctival goblet cells in the eye (24, 28) . A decrease in Muc5ac production has been linked to ocular surface inflammation (5, 11, 15, 18, 32) . We have previously reported that loss of NHE8 expression in mice resulted in reduced Muc2 expression in the intestine (51). Here we observed a similar pattern in the NHE8Ϫ/Ϫ eyes. The expression of Muc5ac was reduced by 60% in the conjunctiva in NHE8Ϫ/Ϫ mice. These observations suggested that NHE8 may also play a role in goblet cell function in the conjunctiva.
Since ocular damage displays elevated expression of MMP9, Sprr2h, and Tgm1 (2, 17, 35), we wondered if these markers were also changed in NHE8Ϫ/Ϫ mice. MMP9 belongs to the matrix metalloproteinases (MMPs) family. MMP9 function has been shown to be involved in ocular surface injury (2, 17) , and wound repair (10, 37) . In NHE8Ϫ/Ϫ mice, MMP9 expression was increased by 2.3-fold in the conjunctiva and 2.4-fold in the cornea, indicating ocular epithelial damage in the absence of NHE8 function. Sprr2h, a member of the small proline rich (Sprr) protein family, is required to create an epidermal cornified cell envelope in terminal differentiated keratinocytes to prevent the loss of water and ions and to protect from environmental hazards (40) . Tgm1, a protein encoding for the TGase-1 enzyme, is also involved in the formation of the cornified cell envelope (8, 31, 41, 46) . Both Sprr2h and Tgm1 genes have been shown to increase in the conjunctival epithelial cells in a dry eye model induced by Spdef deficiency (35) . Spdef is involved in the induction of goblet cell differentiation; lack of Spdef expression resulted in impaired goblet cell maturation (26) . In NHE8Ϫ/Ϫ mice, the expression of Sprr2h was increased by 190% in the conjunctiva, and the expression of Tgm1 was increased by 150% in the conjunctiva and 140% in the cornea. These observations further indicated the important function of NHE8 in maintaining epithelial layer integrity.
Bicarbonate is an important player in protecting the mucosal layer that lines all epithelia (20) . NHE8Ϫ/Ϫ mice displayed conjunctival mucosal acidification, suggesting a possible defect in bicarbonate secretion. DRA is a transmembrane glycoprotein originally discovered in the intestine, and it functions to secrete bicarbonate in exchange for extracellular Cl Ϫ (27, 29) . We have previously showed that NHE8 and DRA are closely coupled in absorbing electrolytes and excreting bicarbonate and proton in the stomach and the colon (50, 51) . In this study, we detected the expression of DRA in the ocular tissues by PCR and Western blot. We also localized DRA protein at the plasma membrane in the epithelial cells in the conjunctiva, the cornea, and the lacrimal gland. Interestingly, the expression of DRA in NHE8Ϫ/Ϫ mouse eyes displayed a similar pattern as observed in the stomach and in the intestine. Loss of NHE8 in the ocular surface resulted in decreased conjunctival surface pH and reduced conjunctival DRA expression (65% reduction at mRNA level and 33% reduction at protein level). A similar reduction was also seen in the lacrimal glands and the cornea (50 -60% reduction at both mRNA and protein levels in both tissues). These observations together suggested that NHE8 is important for normal DRA expression and bicarbonate secretion in the ocular surface.
In summary, our study showed that NHE8 is highly expressed in the ocular tissues in human and mouse. Ablation of NHE8 function in mice resulted in reduced tear volume, increased corneal staining, and elevated TNF-␣ expression in the ocular surface, and hence possibly led to dry eye phenotype. These results suggested that NHE8 plays important roles in ocular surface protection by participating in tear production and bicarbonate secretion through coupling with DRA function. Therefore, abnormal NHE8 function might be a potential novel mechanism of dye eye conditions. 
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